In recent years use of X-ray Computed Tomography (CT) has become more common for geoscientific applications and is used from the µm-scale (e.g. for investigations of micro-fossils or pore scale structures) up to the dm-scale (full drill cores or soil columns). In this paper we present results from CT imaging and mineralogical investigations of an Opalinus Clay core on different scales and different regions of interest, emphasizing especially the 3D evaluation and distribution of cracks and fractures and their impact upon mechanical testing of such material. Enhanced knowledge of the behaviour of the Opalinus Clay as a result of these tests is of great interest, especially since this material is considered for a long term radioactive waste disposal and storage facility in Switzerland. Hence, results are compared regarding the mineral (i.e. phase) contrast resolution, the spatial resolution, and the overall scanning speed. With this extensive interdisciplinary top-down approach it has been possible to characterize the general fracture propagation in comparison to mineralogical and textural features of the Opalinus Clay. Additionally, and to the best of our knowledge, a so called mylonitic zone has been observed for the first time in an experimentally deformed Opalinus sample. The multi-scale results are in good accordance with data from naturally deformed Opalinus Clay samples, which allows systematic analysis under controlled laboratory conditions. Accompanying 3D imaging greatly enhances the capability of data interpretation and assessment of such material.
INTRODUCTION
In this study we present the investigations of an experimentally deformed Opalinus Clay (OPA, Kaufhold et al., 2016) . The aim is the visualization of the shear failure at various scales to get more information about the deformation process. Enhanced knowledge of the testing behaviour of the OPA is of great interest, especially since this material is considered for a long term radioactive waste disposal and storage facility in Switzerland. X-ray CT equipment are now frequently used for sample analysis because almost all geoscientific samples show 3D features which would be missed if analysing 2D sections only (e.g. by classical microscopy). These features include, for example, the abundance of minerals, location of particular particles towards bedding (or texture in general), pore system, cracks, and veins. The 3D distribution of these features can be extracted and used for a variety of numerical modelling purposes (Andrä et al., 2013) . Concerning particle and pore analysis, due to µ-CT devices having resolution in the range of a few µm, it is particularly suitable to study sandstones or other rocks with large particles and less suitable for the characterization of clays. Clayminerals, by definition, feature grain sizes below the common CT resolution (in range of 1 -2 µm) and also grain densities, i.e. absorption characteristics, which result in very challenging segmentation procedures. Although not all features can be resolved, µ-CT was extensively used to improve the understanding of clays in sediments (e.g. in the oil industry), in soil science, and as barriers in repository systems for high-level radioactive waste (HLRW). The oil industry is particularly interested in porosity, permeability, and fluid flow in general. In the field of geomechanics it is essential to obtain information about the mineral composition and microstructure -before and after mechanical tests. These parameters need to be characterized to be able to increase the understanding of deformation processes. While the porosity and micro fabric of tectonically undeformed OPA (Keller et al., 2011) and naturally deformed OPA have been intensively studied, little is known of the microstructure and deformation mechanisms in experimentally deformed OPA.
METHOD AND RESULTS
The investigated specimen (file 13001, drilling BLT-A6) derives from the Underground Rock Laboratory (URL) Mont Terri, St. Ursanne, Switzerland, and belongs to the sandy facies of the Opalinus Clay. The core sample has a diameter of 100 mm and a length of 180 mm, and is orientated perpendicular to the bedding. The sample has been sealed in a special vacuum-bag to prevent the material from drying, as best as possible, in order to obtain the original saturation condition for the mechanical testing. It was later necessary to stabilize the sample with resin, since shear-failure had developed. The specimen was then stepwise sub-sampled for Xray CT, mineralogical and geochemical investigations on different scales (from dm to mm of sample size).The Opalinus Clay sample was first scanned with the speed|scan CT 64 located at the GE facility in Ahrensburg (Germany). Based upon a medical CT system, the CT 64 consists of a dust protected radiation protection cabinet with an integrated, rotating ring-shaped scanning device and sample transport system for moving components through the scan ring. The system can scan samples of up to 900 mm in length and
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August 21-24, 2016, Adelaide, Australia 500 mm in diameter. The CT datasets are automatically generated in the so-called helix scan mode with a high performance rotating anode X-ray tube and a 64 channel multi-line detector rotating around the sample. This unique technique allows an overall cycle time of typically 1 minute per inspected sample (Ambos et al., 2014) . The limitation of this type of equipment is the spatial resolution which is typically 0.5 to 1 mm. Nevertheless, due to the very high power of the X-ray tube (72 kW), different mineral phases can be very distinctively observed. The scan was recorded within 13 seconds at a spatial resolution of 312 µm. Second, a CT scan of the same sample was recorded with the v|tome|x L300 system at the GE facility in Wunstorf (Germany). For technical applications one main goal is the detection of failures at the smallest dimension possible. This approach led to the development of tubes with a small focal spot to enable sharp images at high magnifications, but as a result the tube power is thereby limited. To record enough information with the detector the scan time is increased, typically from 30 min to 2 hours. In practice this delivers a resolution of approximately 60 µm for a 10 cm core diameter, which is a factor of 10 better compared to "medical" CT scanners or the speed scan CT. Accordingly, the differentiation of mineral phases is significantly worse than for the high power system as described before. The scan was performed in 145 min with a spatial resolution of 57.5 µm. For smaller cores (1 to 10 cm) this type of scanning device is still suitable, but when we get down to sample sizes in the mm range and thus want to achieve a resolution of a few microns there is a need to use so called nanofocus tubes with a focal spot size below 1 µm. For the studies described here on 3 mm plugs, a nanotom m system (GE Measurement & Control, phoenix|x-ray) was used and a spatial resolution of 2.8 µm achieved. High resolution single grains can be observed as well as micro cracks and small meso-pores (Figure 1 ). Though no specific correlation between fracture occurrence and mineralogy can be observed, a small zone around the point where the shear and disking fracture intersect each other is of very special interest. This area can be characterized as a so called mylonitic zone, i.e. an area with many small fractures and cracks where particles have been re-arranged on the fracture surface. From our literature review, this seems to be the first reported CT data set of such a zone. For more details, this sample has been used for the micro-scale mineralogical and microstructure investigations, to further evaluate this special feature.
CONCLUSIONS
The OPA material has been intensively studied by a variety of multiple scale and non-destructive 3D X-ray CT investigations, following a top-down approach to identify specific regions of interest. From the mechanical experiment, it has been observed that the shear failure is located in a clay-rich area. Within the intersecting area of the two main fractures a so called mylonitic zone was observed on the open shear failure using CT and SEM techniques. As far as the authors are aware, this is the first time that experimental deformation shows such a mylonitic zone. As it is not known, until now, when and how this zone was developed, it is necessary to investigate further mechanical loaded specimens under different conditions (water content and strain). These mechanical investigations should be monitored with non-destructive X-ray CT investigations and in further step accompanied with sub sampling and small-scale image investigations. Then we have the possibility to get more information about the petrophysical processes behind the mylonitic zone. All these investigation can help us to develop our understanding of mechanical behaviour which is an important part in the long term safety analysis of potential hazardous waste disposal places. 
